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It is evident from these studies that FF 
may have different effects on sodium excre- 
tion, depending upon degree of potassium de- 
pletion. Tt is also apparent that erroneous 
conclusions may be drawn from experiments 
in which urinary excretion of sodium is used 
as the sole criterion for determining the so- 
dium retaining properties of corticoids. lve 
believe that studies of potassium balance such 
as those previously reported from our labora- 
tories ( 2 )  and of glomerular-tubular functions 
as reported here are also needed to elucidate 
the potential long range effects of new adrenal 
steroids on sodium exretion. 

Suminary. The loss of potassium attending 
repeated administration of large doses of nine- 
alpha-Auorohydrocortisone (FF) to dogs de- 
pressed their glomerular filtration rate. Tn 
contrast. glomerular function showed a tend- 
ency to be augmented in a group of dogs that 
received supplemental potassium with the 

li 

steroid. The ability of FF to increase renal 
tubular reabsorption of sodium was observed 
under conditions of both potassium depletion 
and repletion. In  the former case sodium re- 
tention was enhanced by the reduction in fil- 
tration rate but in the latter case no signifi- 
cant retention of sodium occurred, despite its 
augmented tubular reabsorption. 
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Multiplication and Cytopathogenicity of Herpes Simplex Virus in Cultures 
of Feline Renal Cells.* (25298) 

ROBERT A.  CHANDELL (Introduced by F. D. Maurer) 
.11'171~d Foi.ccs Iizst o f  Pat hnlogy ,  Was hiizgt on, D .C. 

Virus of herpes simplex has been reported 
to propagate in many tissue culture hosts( 1- 
12) ; a search of the literature, however, 
yielded no reference to its growth in feline 
rend  cells. A strain of herpes simplex virus 
was isolated in our laboratory and its identity 
confirmed by complement fixation. The pur- 
pose of this work was to determine whether 
the virus would propagate in these cells and 
to study the cytopathology. This paper de- 
scribes the cytopathology of herpes simples 
virus in cultures of feline renal cells. its be- 
havior in 20 serial passages, and several con- 
ditions that influence the type of cell response 
to this strain of virus. 

Materials and methods.  Tissue cuItures 

* T h e  au thr r  acknowledges the wcrk of Yaye F. 
Herman, Walter Reed Arm\ Inst. (li Kcmirch, W a s h -  
ington, U.C., in identifying the virus, and the tech- 
nical assistance of Edward W. D;.s?eaux, ,4r.ned 
Forces Inst. of Pathology, W-ashington, D.C. 

were prepared in 15 x 155 mm tubes and on 
11 x 2 2  mm coverslips in Leighton tubes. 
Cell cultures of feline renal cells were pre- 
pared by the method of Madin( 13).  Second 
and third subcultures of human kidney were 
prepared by trypsin and versene digestion. 
The nutrient medium was 0.5% lactalbumin 
in modified Hank's salt solution containing 
0.01 14 tris (hydroxymethyl aminomethane) , 
adjusted to pH 7.4 and 20% human serum. 
Prior to inoculation the cultures were rinsed 
3 times with Hank's salt solution. The fluid 
was replaced with 0.5% lactalbumin hy- 
drolysate containing 5 % lamb serum. Human 
amnion cells (FL) ( 14) were grown in Eagle's 
medium containing 207% human serum. At 
the time of inoculation: maintenance medium, 
consisting of Eagle's basal medium plus 376 
horse serum, was placed on the cultures. 
Streptomycin (0.5 mg/ml) and penicillin 
(500 u/ml) were incorporated in all media. 
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FIG. 1. Prbliferative type of lesion in cultures 
of feline renal cells infected with herpes virus. H & 

FIG, 2. Different stages of nuclear alteration in- 
duced by herpes virus in cultures of feline renal 
cells. H & E X125, AFIP-MIS 59-2930. 

FIG. 3. Multinueleated cell with inclusion bodies 
in culture of feline renal cells. H & E X100, AFIP- 

FIG. 4. Proliferative type lesion in FL cells in- 
fected with herpes virus. H & E X25, AFIP-MIS 

FIG. 5. Same culture as Fig. 4, demonstrating 
intranuclear inclusion bodies. H & E X125, AFIP- 

FIG. 6. Multinucleated cells in human kidney 
cell euIture infected with herpes. H & E X100, 

E X93, AFIP-MIS 58-13112. 

MIS 59-2931. 

5 9 - 2 9 2 8. 

MIS 59-2927. 

AFIP-MIS 59-2932. 

Titrations of this virus were made in tissue 
culture by inoculation of 0.1 ml of decimal 
dilutions into each of 4 tubes. The 50% 
cytopathugenic end point (TCIDQo) was cal- 
culated by the method of Reed and Muench 
(IS). Virus titrations were also made in 21- 
day-old Swiss albino mice by intracranial 
inoculation of 0.03 ml of 10-fold dilutions 
into groups of 6 mice. The mice were ob- 
served daily for 3 weeks, and the ID5* was 
calculated by -the method of Reed and 

Muench. The original virus was isolated 
from a herpetic lesion in primary cultures of 
human amnion. After one intracerebral pas- 
sage in mice, the virus possessed an IDSO for 
mice of < 1C1/0.03 ml as a 20% brain sus- 
pension. The initial inoculum for the feline 
renal cultures was 0.1 ml of the mouse brain 
suspension. Subsequent passages were made 
by transferring 0.1 ml of the undiluted tissue 
fluid into each of 2 feline renal cell cultures. 
The fluids from the 2 tubes were pooled and 
stored at  - 6OoC, Coverslip preparations for 
studying the cytologic changes were stained 
with hematoxylin and eosin after fixation in 
Bouin's Ruid. 

Results. Cytopathogenic changes (CPC) 
of the proliferative type (Fig. 1) were first 
observed in cultures of feline renal cells 6 
days following the initial inoculation of the 
mouse 'brain suspension. The fluids were 
pooled and passed on the 8th day. In the 
2nd feline kidney passage, cell degeneration 
was present on the 2nd day and the fluid was 
passed on the 4th day. In all subsequent 
passages, CPC was observed on the 1st and 
2nd days, and transfers were made on either 
the 2nd or 3rd day. 

Results of virus titrations in both mice and 
cultures of feline renal cells of loth, 15th, and 
20th tissue culture passages are given in 
Table I. 

With an inoculurn of 100 TCIDBO of virus, 
lesions were first seen in the unstained prepa- 
rations at  39 hours. These lesions consisted 
of small foci of rounded refractile cells, which 
appeared to pile. These areas increased in 
size, and between 46 and 63 hours new or 
secondary foci appeared in culture. At this 
time giant cells were present, and spaces de- 
veloped in the cell layer. The degeneration 
generally becomes more diffuse, and eventually 
the cells are released from the glass surface, 
TABLE I. Comparative Titrations of Herpes Sim- 
plex Virus Propagated in Cultures of Feline Renal 

Cells, 

Virus titer No. of virus 
passage Mice Feline renal cells 

10 2.5 * 5.75 t 
15 3.83 5.66 
20 3.86 5.23 

* Log LD,. Intracer. inoculation of 0-03 ml. 
t Log TCIDJO.1 ml of inoculum. 
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In  stained preparations small foci involving 
a few cells exhibiting nuclear alterations are 
evident as early as 2 2  hours. The early lesion 
consists of cells with a slightly granular nu- 
cleus in which the nucleoli are small or inap- 
parent. In  some cells the nucleus is enlarged 
and the nuclear space is filled with a homo- 
geneous. light-blue material containing nu- 
merous small, dark bodies. As the lesion pro- 
gresses, these basophilic bodies marginate. 
The nuclear material condenses, and by 33 
hours a spherical to oval inclusion is formed 
within the shrunken but intact nuclear mem- 
brane. The inclusion is surrounded by a 
clear space or halo. In some cells the nuclear 
material forms small aggregates interlaced 
with chrotnatin. which appears as a fine re- 
ticulated network. A number of cells exhibit- 
ing various stages of nuclear alteration are 
illustrated in Fig. 2 .  

At 2 2  hours post inoculation a few small 
multinucleated cells containing 2 or 3 nuclei 
are present. Although some vacuolation oc- 
curs in the cytoplasm a t  this time, it is not 
considered to be a specific manifestation of 
herpes infection. Terminally, the cytoplasm 
clumps around the nucleus and is granular 
and eosinophilic. \i'hen this occurs, the cells 
may appear round or elongated, with or with- 
out protoplasmic processes. 

A typical giant cell is composed of an ag- 
gregate (syncytium) of cells that have lost 
their cytoplasmic identity. Tn the early stage 
of syncytium formation, the cytoplasm be- 
comes pale and somewhat vacuolated. Alost 
of the nuclei in these giant cells contain in- 
clusions (Fig. 3 j .  Giant cells are most nu- 
merous 86 hours after infection. 

This study shows that primary cultures of 
feline renal cells support the multiplication of 
herpes simplex virus. The 20th tissue culture 
passage represents a 1 x 10 cumulative di- 
lution of the original virus inoculum. Repli- 
cate titrations in cultures of  feline renal cells 
show a TCIDr,o of to 10-"75,/0.1 ml. 
There was a considerable increase in the Ll),,, 
of the tissue culture adapted virus when ti- 
trated into mice (Table T ) .  Identification of 
the material from the 10th and 20th virus 
passages was reaffirmed with known herpes 
immune serum, utilizing the complement fixa- 

tion and neutralization tests. In  addition the 
virus maintained its infectivity for the em- 
hryonated egg. Characteristic intranuclear 
inclusion bodies were demonstrated in both 
the chorioallantoic membrane of the embryo- 
nated egg and in the infected mouse brain. 

\'irus of herpes simplex has 
been reported to propagate and elicit a cyto- 
pathogenic change in a variety of tissue cul- 
ture hosts. A review of the literature reveals 
that the cytopathic changes resulting from 
herpes infection are primarily of 3 types. 
These types, as described by Gray, et  al .  (16) ,  
are the ( 1)  proliferative, ( 2 )  nonproliferative, 
and (3) giant cell types. In  this study we 
produced all 3 types of CPC with one isolate 
of virus. 

In  the human amnion cultures in which the 
virus was originally isolated, the cytopathic 
change was of the nonproliferative type. Dis- 
tinct foci of the proliferative type were seen 
in cultures of feline renal cells after inocula- 
tion with a large amount of virus, whereas a 
small quantity of virus produced both the 
proliferative and giant cell types of CPC in 
equal proportions. The lesion was of the 
proliferative type in the FL cultures regard- 
less of amount of inoculum (Fig. 4 and 5 ) .  
The giant cell type was the predominant cy- 
topathic change in human kidney cultures 
when a large inoculum was given (Fig. 6 ) .  

These results indicate that the type of lesion 
produced is not dependent entirely on strain 
of virus used but is also influenced by type 
of cell culture and amount of the inoculum, 
as shown above. No attempt to clone the 
virus was made, and it is possible that a mix- 
ture of cytopathogenic types of virus may 
exist. Although the different cytopathogenic 
changes noted on the various host cells do 
not rule out this possibility, this study em- 
phasizes the value of using diverse cell sys- 
tems. 

We rarely observed well-developed intra- 
nuclear inclusions in our passages of the 
strain of herpes in human kidney cells. In  
this respect our results differ from those of 
Iloane et  a l . ( S j ,  who report that typical 
herpetic inclusions were common in human 
kidney with their strain of virus. 

Macroscopic plaques were produced with 

Discussion. 
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our strain of virus in cultures of feline renal 
cells in the presence of specific antibody. 
The presence of antibody did not alter the 
type of lesion when a large inoculum was 
used to infect the cultures. The microscopic 
plaques produced in the FL cells were similar 
in appearance to those described in HeLa 
cells by Farnham( 1 7 ) .  

Sumnzary. The virus of herpes simplex was 
passed serially 20 times in cultures of feline 
renal cells. Multiplication of the virus was 
demonstrated when infectivity titers were 
measured in mice and in tissue culture. The 
adapted virus induced cytopathogenic changes 
in cell cultures of feline kidney, primary hu- 
man amnion, human kidney, and FL cells, 
Several conditions which appear to influence 
the type of cytopathogenic change in cell cuI- 
tures are discussed. 
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Movement of 'Radiostrontium Through Intestinal Tract of Fed or 
Fasted Rats.* (25299) 

C. F. CRAMER (Introduced by D. H. Copp) 
Physiology Dept., University of British Colunzbia, Vancouver, B.C. 

During a study of radiostrontium absorp- 
tion in rats, a simple method was developed 
for determining its progress through the intes- 
tinal tract. The method should prove equally 
of value in studies using other radioactive 
substances. I t  is particularly useful for esti- 
mating the amount of radioisotope available 
for absorption in different segments of the 
tract a t  various times after oral administra- 
tion. 

Methods. Adult female rats of M'istar 
strain were given 3 pc of Srs9C12 in 0.75 ml 
water by stomach tube. One group had been 
fasted during 24 hours prior to experiment, 
___ * Supported in part by extramural grant from De- 
fence Research Board, Canada. 

while the other group was fed ad lib. Both 
groups were subsequently given water ad lib ., 
but no food. They were killed in groups of 
4 a t  %, 1, 2, 4, 6, and 24 hours, and the in- 
testinal tracts removed and laid out in a 
straight line. The radioactive material pres- 
ent in successive 1 cm lengths of the gut was 
determined using a collimated Geiger count- 
ing tube, a counting ratemeter, and graphic 
recorder. The gut can be counted continu- 
ously by placing it on moving paper of a ky- 
mograph with extender, fixed so that the pa- 
per is horizontal. 

Results. Fig. 1 shows distribution of radio- 
strontium a t  different time intervals in repre- 
sentative animals from the fasted group. Fig. 


